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A class of supergravity inspired quintessence models is studied by comparing to cosmological 
data. The set of considered models includes several previously studied quintessential potentials, as 
well as the ACDM model. We find that even though the commonly studied supergravity inspired 
quintessence models fit the data better than the ACDM model, they are a relatively poor fit when 
compared to the best fit model in the studied class. Our results suggest a low energy scale, less 
than AA ^ 1 TeV, for the effective supergravity potential. 



I. INTRODUCTION 

According to the cosmic microwave background radia- 
tion (CMBV, supernova and large scale structure exper- 
iments 0, Q, H S 13, the universe is nearly flat and 
accelerating on the scales of the present cosmological 
horizon. Therefore, it appears, either that the total en- 
ergy density of the universe is currently dominated by an 
dark energy component, or that the Einsteinian gravity 
needs to be modified at large distances. Within Ein- 
steinian gravity, the constant solution for dark energy is 
the vacuum energy model (ACDM) (with constant pA 
and — p — "1, sse ;6j and references within). The 
ACDM model is widely considered as a cosmological con- 
cordance model as it generally explains the present cos- 
mological observations. The observed value for the vac- 
uum energy pa ^ PC ^ 10"'*^ GeV^ is, however, un- 
naturally small for constant vacuum energy model. The 
underlying models of particle physics can not provide a 
natural explanation to the necessity of careful fine-tuning 
of the energy scale. Neither does the vacuum energy 
model explain why the dark energy domination started 
just recently; i.e. why the energy densities of matter and 
dark energy coincide today, although these two energy 
densities have evolved differently throughout the history 
of the universe. Had the dark energy domination started 
earlier, present structures could not have been formed; 
if later, no acceleration could be presently observed, ft 
seems, as the initial conditions have to be very carefully 
fine-tuned to produce this coincidence. Those who are 
not content with the anthropic principle (see e.g. 0), 
need to find a quantitative explanation to this problem. 

The quintessential scenario represents a class of dark 
energy models that are able to produce negative pressure. 
From this point of view, the accelerated expansion is ex- 
plained with a minimally coupled dynamical scalar field 
that is evolving along a suitable potential. A tracking Q 
feature of a quintessence model, allows the quintessence 
field to mimic the evolution of the background fluid until 
very recent times, when it becomes the dominant compo- 



nent in the total energy density. Thus the quintessential 
model with a tracking property opens up a possibility to 
explain why a wide range of initial field values and energy 
scales converge to a recent epoch of dark energy domina- 
tion. Furthermore, the tracking feature is a favourable 
feature when considering inflationary models. A wide 
range of post inflationary conditions naturally converge 
to a suitable late time cosmology. This property makes 
the tracking quintessence an appealing alternative to the 
cosmological constant model. 

Various kinds of quintessence potentials exist. A class 
based on high energy physical considerations is studied in 
this paper. We consider a general complex quintessential 
model based on an effective supergravity model by fitting 
to current SN la data. 



II. MODEL 

The dark energy model discussed here is a complex 
quintessence model based on an effective supergravity 
model on a Friedmannian background. The supergrav- 
ity model introduced in 9] by Brax and Martin (here- 
afer BM), naturally leads to quintessence potential oc 
g-liAl with the simplest Kahler potential. However, 

with a suitable choice of the effective Kahler potential, 
the BM model can be extended to a class of potentials 
covering a number of well studied quintessence potentials: 
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where k = SttGn, P and a are positive integers and Ai 
is the energy scale of the potential. This potential in- 
cludes several well studied dark energy models as special 
cases: the ACDM model {a = 0, = 0), the BM model 
(/3 = 2,a = 11), inverse power {(3 — 0) and pure 
exponential potential 0, ^| (a = 0) models. 

These special cases have usually been studied with a 
real scalar field. A real scalar field is not a natural part 
of the supergravity model, but merely a special choice. 
Also for other types of quintessence potentials there is no 
a priori reason to restrict the study to a real field either. 
Therefore, in this paper we consider a versatile potential 
with a complex field ■0. 



The equation of motion of the complex scalar field ip = 
(pe^^ moving in this potential in a cosmological setting is 

Q = 4)+2ie4)+ie^-e''(j)+m{4)+iH) + '^^*}'f^ (j), (2) 

where H is the Hubble parameter. Considering the imag- 
inary part of Eq. it is evident that we can define a 
constant of motion, a conserved charge L — OcjPa^ . Us- 
ing this to replace 9 in the real part of Eq. (|2Jl results in 
an equation of motion for <j) only. 



III. COSMOLOGY 



where the derivative of potential reads 

The effect of the complex phase 6* in -0 has a different 
character in the dynamical equations than it has in the 
equation of state. In © it appears as a part of the kinetic 
term in contrast to the equation of motion jSJ, where it 
appears as a part of the potential contribution. The ex- 
tremely steep shape of our potential allows a wide range 
of the field initial values (and the initial values of the field 
derivative) to develop to a common state, so that a flat 
and properly accelerating cosmology is obtained. 



It is widely accepted, that the energy content of the 
universe can be well described with a model of sev- 
eral interacting perfect fluids {i.e. radiation, neutrinos, 
baryons, cold dark matter and dark energy). The dynam- 
ics of the universe is here described by the conventional 
Friedmannian cosmology: 
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where pM and are the matter (including also baryons) 
and radiation (including neutrinos) energy densities, a is 
the scale parameter and pq is the energy density of the 
complex quintessence fleld: 
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The pressure and equation of state of the quintessence 
fluid are respectively: 
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In terms of the conformal time rj — ln(a) the Fried- 
mann equation can be rewritten as 
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where we have exploited the equation 6 
defined 
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As usual, we define the components of the energy density 
by Vtx = px/ PC where X stands for a particular cosmic 
fluid. 

The equation of motion of the <j) field in terms rj is 
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IV. NUMERICAL RESULTS AND DISCUSSION 

We fit our model to the combined Gold -I- Silver Sn la 
dataset from This set includes 186 high red shift 

supernovae up to z = 1.75. 

The physical potential parameters, and L, are 
scaled to be dimensionless: 
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and we use natural units G 
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1. The set 



of model parameters is then {A{M),B{L), a, /3, 0, (f)i,(j>'i). 
For each set of (3, a, B and (pi the flattest A is found. 
The parameters B and (pi are sampled logarithmically 
even and a and (3 with integer steps. The range of A 
corresponds to physical energy scales Ai € (10~^^, 10^^) 
GeV. For simplicity, we have fixed the initial value of <p'^ 
to 0.001. We also looked for an effect of varying cp'^ within 
the limits cp'^ G (0.00001,0.1), but none was found. The 
parameter ranges used in the analysis are shown in the 
table n 





range 


13 


0-10 


a 


0-15 


A 


10° - 10-^" 


B 


10"^ - 10"^" 


(pi 


0.01 - 1.0 


<P't 


0.001 



TABLE I: Parameter ranges of the numerical analysis. 



The cosmological parameters h — 0.72, il^^ = 0.27 and 
10^^ are fixed to be consistent with the current 
WMAP best fit model data Q . Only flat enough mod- 
els, |1 — f2_R — — ^q\ < 0.02, are considered. 

For each point in the parameter space for which A can 
be chosen so that the universe is flat enough, we flt the 
SN la data to find the associated x^. The likelihoods are 
then calculated as usual by assuming gaussian prior dis- 
tributions {P{X) = ^"'^ ^^)- The data is binned and 
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marginalized to find the confidence levels. The results 
are presented on a (/3, a) parameter plane in Fig. ^ with 
normalized likelihoods. 

From the Fig.^ it is clear that the best likelihoods per 
bin, depicted by the black points are clearly concentrated 
onto a special parameter area. The la area covers a 
boomerang shaped area that continues to very large pow- 
ers, even outside the considered sensible upper bound- 
aries for P and a (however, with a constantly decreasing 
likelihood). The 2a area covers almost all the grid with 
fits approximately in between 174 < {xlin) ^1^8. 

Some of the represented potentials fit extremely well to 
the current supernova data. Note that the best fitting po- 
tentials require that the (3 parameter to be nonzero. This 
indicates that the supergravitational ingredient is impor- 
tant in constructing quintessence dark energy models. 

No preferred B or A were found. Although the abso- 
lutely best fits of our model had B > 10~^°, these values 
in general are out of the 2a area. The la area is restricted 
to a very small B < lO^^o g_ iq-i4 Q^ySy 

The ACDM model or the well known quintessence po- 
tentials do not fit the data particularly well. This is 
easily seen in the Fig. ^ The ACDM model sits in the 
origin in the plane, with Xacdm ~ 179.3. The in- 

verse power model with a complex field lies in the = 
-axis, and the pure exponential potential in the a = 
-axis. The BM model (with {xl.J = 174.6) fits better 
to the SN la data than the ACDM and the pure expo- 
nential in general (/? = 4, a = case being slightly bet- 
ter). The best {/3,a) bin, is situated at (3,4) with the 
(xl^J = 172.6. The absolutely best value 171.2 was 
found at = 5, a = 15, B = 10"^ {i.e. L - 10"^ GeV^), 

= 0.025, A = 10-^ and uj°q -0.999. 

The effective mass scale A4{A) is fully degenerate in 
the f3 direction when the numerical data is mariginalized 
over B and 4>i. The mass scale is shown in Fig. |21as a 
function of a. Combining this information with Fig. ^ 
where larger values for the inverse power part than a > 4 
restrict /3 to be 3, it is evident that the fit somewhat 
prefers a low effective mass scale, i.e. A4{A) < 1 TeV. 
Put another way, given a high effective mass scale, /3 = 3 
is a preferred value. 

Previously a supernova fit and the first CMB Doppler 
peak consistency have been done in the range (3 S 
(0, 10), a € {1, 10) for a real scalar field and with an older 
Sn la dataset [l5'| (the most distant supernova in this set 
was at z = 0.83). Also, the cases (3 = 2 and a = 6, 11 
have been studied separately in the light of CMB data 
[l^ . Our results are well consistent with the 0| Sn la 
results. With this more restricted model and generally 
better dataset, our analysis results in a more stringent 
la area for the parameter space. 



FIG. 1: The fit of the model to the SN la dataset when 
marginalized over B and (f)i and binned and plotted on the 
(/3, a)-plane. Only flat solutions within 1, 2 and 3(t confidence 
levels are shown, la is depicted with black, 2(7 with dark gray 
and 3(T with light gray circles. Here la covers the boomerang 
shaped area that continues outside the grid, although with a 
constantly decreasing likelihood per bin. 
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FIG. 2: The dependence of the energy scale M on a. The 
mariginalized data from the fit is fully degenerate in the /3 
direction. Combining this with the Fig. Q one may conclude 
that smaller energies than ~ TeV are preferred by the fit. 



V. CONCLUSIONS 

In this paper, we have described a supergravitational 
tracking quintessence potential with a complex scalar 



field, and performed a fit to the recent supernova data. 
The studied model can easily fit the data better than the 
ACDM model and the study suggests a combination of 
inverse power and exponential forms for the quintessence 
potential. 
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SN la data provides constraints for the studied general 
quintessence potential shape. According to our analysis, 
for a e (0, 4) the exponent of the potential must be /3 > 1 
and if a > 4 then it is required that (3 = 3. The best 
fit values for the two main model parameters are /? = 3, 
a = 4. The effective energy scale A4 proves to be totally 
degenerate with respect to the parameter /3. We find that 
a relatively low energy scale {Ai < 1 TeV) is favoured 
by the analysis. Conversely, if a high energy scale is 
required, our results srongly prefer /3 = 3. 

The complex contribution is practically negligible as 
effectively all the solutions are found for very small L. 
However, the best value (x^ = 171.2) is found for 
an exceptionally high L outside the Icr area, indicating 
that in principle the complex part of the field can play 
an important role. 

Comparing to other commonly considered models, we 
find that a composite potential is strongly preferred by 
the data. The fit of the ACDM model is very poor (with 
B = and Xacdai — 179.3) when compared to the other 
models under study and it lies well outside the 3cr con- 
tour. The BM model with f3 = 2, a = 11 lies within 



the 2a area. The equation of state for this case with a 
small complex contribution is higher than suggested in 
but substantially smaller (down to uj%]^,j = —0.99) 
with a sizeable L. The sole inverse power potential does 
not fit well to the Sn data and the pure exponential po- 
tential proves to model the data comparatively well only 
with /3 = 4. 

Current SN la data is accurate enough to distinguish 
between tracking quintessence models, given a class of 
physically motivated potentials. Within the class of su- 
pergravity inspired potentials, our analysis suggests that 
a composite potential is preferred over pure exponential 
or inverse power potentials. 
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